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SHORT REVIEW 

Primary prevention in cardiovascular 
disease: moving out of the shadows of the 
truth about death 

W.E.M. Lands 

Abstract 

Aim: This review identifies deficits in current educational 
efforts for the primary prevention of cardiovascular disease. 

Data synthesis: Essential fatty acids in the foods we eat 
have a subtle but powerful influence on hundreds of  different 
processes in the life and death of humans, understanding of  
which has been delayed by two attitudes in the biomedical 
community. One involves a bias towards expensive cura- 
tive/treatment interventions that neglect prevention of initial 
nutritional causes of disease and death, and the other mvolves 
careless logic in interpreting evidence of  causes of disease 
and death. Both attitudes interfere wtth translation of pub- 
lished science of essential fatty acids into effective prevention 
of cardiovascular deaths, a sttuatton made worse by a wide- 
spread wish for simple descriptions of complex interactions 
m disease. Some clinical signs and risk factors may be only 
shadows of true causal factors. For example, attention to cho- 
lesterol ignored important evidence that nutritional imbal- 
ances in expenditure~intake of  energy and in omega- 
3~omega-6 essential fatty acids cause cardiovascular disease. 
Balancing the few percentage of  dady calories m omega- 
3~omega-6 nutrients is not a questton of obesity or blood cho- 
lesterol Effective preventton through education will requtre 
targeting the causal risk factors that are known beyond the 
shadow of a doubt, but seldom discussed by health profes- 
sionals and the public. 

Conclusions: Death from coronary heart disease comes 
from acute ischemia and arrhythmia, often following long- 
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term chronic inflammatory vascular damage that predis- 
poses to acute fatal thrombosis and arrhythmia. The three 
processes involve excessive self-healing acttons of  natural 
n-6 atttacoids (auto=self, akos=healing) produced from tis- 
sue essential fatty acids that come only from foods. Readily 
corrected nutritional imbalances in expenditure/intake of  
energy and in omega-3/omega-6 essential fatty acids are 
causal risk factors with plausible mechanisms contributing 
to fatal events which can be prevented. 
Nutr Metab Cardiovasc Dis (2003) 13:154-164 
¢2003, Medlkal Press 

Health economics and primary prevention 

Health economists calculate cost-effectiveness of thera- 
peutic treatments in monetary terms, often providing mar- 
keting advantages for various competing curative/treatment 
protocols (1). Greater "effectiveness" comes from expen- 
sive/profitable pharmaceuticals and treatments only for 
individuals with recognized clinical signs and risk factors 
who are likely to progress soon to death. However, the busy 
marketing/professional dialog fails to evaluate population- 
based initiatives that benefit the broader population by pre- 
venting the underlying causes of the disease before clinical 
signs appear (2). Economic forces within the global health 
and illness industry create a bias towards treatment and sec- 
ondary prevention and towards investments in increasingly 
high technology. This bias shifts health policy agendas 
towards short-term efforts that benefit the highest-risk indi- 
viduals with higher education and higher incomes while 
neglecting prevention of initiating causes and leaving high 
morbidity and mortality rates among the people least likely 
to comprehend and reduce their own risks (3). 

The result for cardiovascular disease (CVD) is a progres- 
sive year-to-year increase in the number of hospital dis- 
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charges for treated CVD with no decrease in hospitalization 
for a first myocardial infarction (4). Without a conscious 
national choice of population-wide prevention that resists 
global food marketing forces, the growing worldwide con- 
vergence of eating patterns will likely lead to a steady state 
in which CVD is endemic and pandemic around the globe 
with CVD rates being varied more by education and income 
than by country. Such a globalized CVD epidemic would 
become the leading cause of death for humans, regardless of 
location on earth, making the ethics of CVD primary pre- 
vention a special concern worldwide. 

Continuity of care of individual patients is managed by a 
system of professional clinical ethics (and insurance reim- 
bursements), but there are few strategies (or funds) to devise 
and implement community-wide some continuity of health 
promotion and disease prevention. We have no formula to 
allocate resources between curative and preventive health 
actions or to estimate the potential gains in quality of life, 
years without disability, more productivity, and controlled 
health care costs. Primary prevention should begin before a 
person has any clear signs of pathology. When successful, 
prevention efforts decrease risky behaviors that expose peo- 
ple to infectious and toxic materials in the environment, and 
success with healthy air, water, and food is indicated by a 
high proportion of healthy elderly people in the population. 

In contrast, secondary prevention begins only after an 
individual has signs or symptoms of abnormal pathology 
that predict an earlier death. In this case, the opportunity to 
prevent the initial exposure or onset of the disease for that 
individual has passed, and efforts are directed to treating 
the signs and slowing the progression of the disease. Here, 
too, success gives a high proportion of elderly people in the 
population, but the incidence of disorders is greater. Sadly, 
over half of the people who die suddenly of CHD have no 
prior symptoms considered worthy of medical treatment 
(5). Are scientists ethical to withhold community-wide pri- 
mary prevention advice and only treat people with clinical 
signs of disease? The public health profession has failed to 
translate the published science regarding excessive essential 
fatty acid actions in chronic diseases into policy options and 
into effective communication to government, decision mak- 
ers, and the public. This review focuses on the chain of 
events that, links diets to the commonest worldwide cause of 
death of adults (6), cardiovascular disease (CVD) with coro- 
nary heart disease (CHD). The wide diversity in tissue 
eicosanoid'~recursors and CHD mortality rates among dif- 
ferent natipns (7-9) suggests that some populations have 
unknowingly developed primary prevention actions with 
food choices that others may wish to employ. 

l 

Let death wait 
The good news is that at any given moment, most people do 

not die. The bad news is that sooner or later, everyone dies. The 
dynamics of when and how death will occur are a challenge 
faced by every human. Answers lie in understanding the long 
chain of events that move from conditions that are preventa- 
ble and reversible to those that are inevitable and irreversible. 
A rising risk of death with increased age (Fig 1) reflects, in 
part, missed early opportunities to avoid the irreversible 
processes that progressively make death inevitable (8). 

Age-specific death rates show a rising inevitability of 
death as people accumulate combinations of risk factors, 
none of which alone may be fatal. The dramatically acceler- 
ated rate of cardiovascular death with age prompts efforts 
to understand the causes of death and to prevent or delay 

FIGURE 1 
Accelerated risk of death with age. Age-specific rates (vertical axis) 
fit the age-cohorts noted on the horizontal axis. Modified from (8) 

with permission. 
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them. Recognizing that current voluntary food choices of 
Americans have imbalances in the expenditure/intake of 
energy and in the omega-3/omega-6 essential fatty acids 
that cause accelerated mortality (7, 9) will aid successful 
prevention. The past decade brought much public attention 
to healthy energy balance, but more attention to essential 
fatty acid balance is needed. 

Concern about age-specific death rates is low among 20-40 
year-old adults for whom visible clinical signs of disease are 
low, even as their increasing inflammatory vascular damage 
(10) sets the stage for the explosive rise of mortality rates 
later in life. As in an earlier report of young soldiers killed in 
Korea (11), autopsies showed fatty streaks in abdominal aor- 
tas of about 20% of 15- to 19-year-old subjects and nearly 
40% of 30- to 34-year-old subjects (10). Raised fatty streaks 
were present in the right coronary arteries of nearly 10% of 
15- to 19-year-old subjects and approximately 30% of 30- to 
34-year-old subjects (12). The onset and progression of 
inflammatory vascular damage is usually well established 
before the age of forty or fifty when fatal signs of cardiovas- 
cular disease begin to appear as a statistically significant 
problem (Fig 1). With the rate of progression of further vas- 
cular damage predicted by the current number of plaques, 
the explosively accelerating curve of age-adjusted death 
rates with age brings death with greater certainty with 
advanced age. Unfortunately, attention directed to older 
patients with severe advanced cardiovascular problems tends 
to ignore the early diet-based causal mechanisms that started 
the chain of events in the disease (13) and the tissue imbal- 
ances that need correction by primary prevention efforts. 

When 200 of 100,000 people die in one year, the 99,800 peo- 
ple who did not die have decisions to make about what pre- 
ventive intervention seems reasonable to avoid such death in 
the coming year. What will they decide if the two hundred 
deaths resulted from thirty years of repeated missed personal 
opportunities to prevent the initial onset of pathology? Were 
the missed opportunities a result of fully informed voluntary 
choices of the people who died? Should anyone other than 
the affected person take responsible action for deaths caused 
by voluntary behaviors? Were the people fully informed and 
reconciled to an early death? If not, prevention efforts are 
appropriate. Clinicians who focus on treating individual 
patients need dearer advice on preventing specific nutrition- 
al and molecular causes of the pathology they are treating 
(14). While repeatedly recommending "good nutrition", the 
broader health network (in the name of "efficiency") seems 
to be waiting until disease occurs before designing specific 
treatment for individuals who are clearly in trouble (9). This 
leaves each person poorly informed about specific foods to 

eat to stay healthy. Most people (and their physicians) need 
much dearer translation of published science into primary 
prevention programs of specific nutrition information (15). 
Specific nutrient imbalances that cause cardiovascular death 
are readily modified by focused prevention education. 

Naming a cause of death 
Death from coronary heart disease occurs by acute throm- 

bosis and arrhythmia that stop blood flow, often following 
long-term chronic vascular inflammation (13) that predis- 
poses people to the acute fatal events. Common molecular 
mechanisms underlying all three processes have origins in 
the dietary supply of essential nutrients, and they involve 
synergistic excessive actions of n-6 autacoids produced from 
those nutrients. Normal self-healing actions of autacoids give 
reversible fine-tuning of healthy tissue responses, but exces- 
sive actions give irreversible pathology. Tissue imbalances 
among the omega-3 and omega-6 precursors of hormone- 
like autacoids link food choices to all three synergistic 
processes. Imbalanced intakes of the essential vitamin-like 
precursors of eicosanoids cause imbalanced actions of these 
autacoids. Omega-6 eicosanoids amplify natural responses 
rapidly enough to shift reversible events occasionally 
towards irreversible ones, whereas omega-3 eicosanoids are 
less vigorous in causing irreversible events. These differences 
in signaling strength are a likely basis for success in the pre- 
vention of CVD with seafoods rich in omega-3 fats (16,17). 

Interpreting evidence of cause 
A factor closely associated with a disease may be a risk 

factor that predicts likelihood of developing the disease, a 
clinical sign that characterizes the disease, or an actual cause 
of death from the disease. Causal factors in death and dis- 
ease are what people want to decrease. Four criteria distin- 
guish between risk factors that are causal and those that are 
not, but each one has limitations. 
1. Causal risk factors appear before the signs of disease (and 

death), but an unrecognized factor could be causing both 
the risk factor and the disease. 

2. Incidence of disease (and death) is higher with higher lev- 
els of a causal factor, but an unrecognized factor could be 
increasing both the risk factor and the disease. 

3. Controlled clinical intervention against a causal risk 
factor reduces the incidence or severity of the disease 
(and death), but the intervention also may have 
reduced an unrecognized factor and thereby caused 
both reductions. 

4. Plausible mechanisms credibly describe how a causal risk 
factor contributes to disease pathogenesis (and death), 
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but experiments that define and recognize molecular 
mechanisms of disease and death use different conditions, 
interventions and measurements than clinical trials and 
epidemiological studies. 
This last criterion is most vulnerable to the widespread 

wish for simple descriptions of complex interactions. Such 
wishful thinking led to neglect of detailed evidence for plau- 
sible (but complex) molecular mechanisms, and it fostered 
oversimplified attempts at prevention which overlooked 
evidence for ways to decrease important causal factors. 

Agreements among appointed experts form the 
International Classification of Disease (ICD) that defines 
the clusters of clinical signs for which the name of a disease 
such as obesity, diabetes, and hypertension is assigned. In 
that sense, clinical signs are "determinants" for recognizing 
the disease (but not necessarily direct causes of death from 
the disease). Each disease name identifies a cluster of clini- 
cal signs, but the mechanisms causing the signs and the 
mechanisms by which the signs contribute to death need 
careful interpretation. The three mentioned diseases (obesi- 
ty, diabetes, and hypertension) plus their associated signs 
and risk factors are also predictive risk factors for cardio- 
vascular disease and death. Readily modified nutritional 
imbalances are likely causal factors in all of these disorders. 
The causal chain of events following from these imbalances 
needs to be understood in detail and translated into pre- 
vention protocols. Attention to mechanisms for the acute 
fatal event focuses on specific nutrient imbalances that are 
readily modified by primary prevention programs. 

Caution in translating evidence from associated epidemi- 
ologic measurements is needed because some signs and risk 
factors may be only shadows of the true causal factor. For 
example, grey hair (like advanced age) is a strong predictive 
associated risk factor for higher death rates, but decreasing 
the marker by changing hair color or shaving the head will 
not reverse the underlying mechanisms that contribute to 
death. There is no plausible mechanism by which grey hair 
contributes to death. Significant statistical association does 
not prove cause. In most cases, CHD risk involves synergis- 
tic interactions among two or more risk factors, each of 
which alone may seem only mild in nature. An amplifying 
synergy gives accelerating rates of death as the number and 
severity of the factors accumulate with age (Fig 1). Death 
certificates omit much of the evidence about multiple con- 
tributing factors and mechanisms. Thus, epidemiologists 
have strong certainty in death as an endpoint, but have less 
certainty as to the causal mechanism of death. 

Incorrect assignment of the cause(s) of disease (and death) 
can waste human and financial resources on ineffective inter- 

ventions, and it can delay progress on reducing the true 
cause(s). Unfortunately, eagerness to assign a causal role may 
lead to carelessness, like replacing the term "associated with" 
by a premature judgment expressed as "due to","determined 
by", "accounted for", "contributes to", "effect of", "increased 
by", or "explained by". Although trained statisticians can rec- 
ognize and discount careless jargon, the public (and many 
health professionals) mistakenly believe that such words 
describing an association indicate an established causal role. 

Obsessive attention to blood cholesterol levels was built 
on associations rather than on a plausible mechanism of 
death (18). Such misunderstanding leads to widespread dis- 
illusionment as the truth eventually and inevitably emerges. 
This situation is particularly poignant for inadequate infor- 
mation about nutrition and metabolism in cardiovascular 
disease and death. Widely marketed treatment medications 
may decrease clinical signs, yet fail to correct the underlying 
nutritional imbalance that continues to initiate disease 
processes. This review focuses on readily corrected nutri- 
tional imbalances in expenditure/intake of energy and in 
omega-3/omega-6 essential fatty acids which have plausible 
mechanisms by which they contribute to fatal events (8,19). 

Diet imbalance as a cause o f  death 
Signaling by hormone-like autacoids gives fine-tuning of 

many healthy, reversible self-healing responses of body tis- 
sues. Tissues form the autacoids from available essential 
vitamin-like nutrients that originate only from the diet. 
Important autacoids (and their essential tissue precursors) 
include histamine (histidine), serotonin (tryptophan), nitric 
oxide (arginine), and eicosanoids (omega-6 and omega-3 
essential fatty acids). Billions of dollars are spent every year 
to develop and market pharmaceuticals that moderate 
imbalanced actions of these potent autacoids, but little pub- 
licity is given to the fact that the sole source of the precur- 
sors for many autacoids is the food that people eat. One 
important consequence of people's voluntary food choice is 
the balance of omega-3 and omega-6 eicosanoid precursors 
stored in the highly unsaturated fatty acids (HUFA) of tis- 
sues (19, 20). These HUFA lead to omega-6 eicosanoids that 
can amplify vascular inflammatory atherogenesis, platelet 
thrombogenesis, and heart arrhythmias to such an extent 
that the normally reversible, physiological responses turn 
into irreversible pathological events. Plausible mechanisms 
by which food choices might contribute to early CHD death 
include the following six processes. 

1. Dietary intake determines tissue fatty acid composition. 
A diet with high omega-6 relative to omega-3 fats causes tis- 
sue HUFA to have high proportions of omega-6 HUFA, pro- 
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FIGURE 2 
Tissue HUFA proportions predict coronary heart disease mortality. 
The CHD mortahty rates are deaths per 100,000 population. Results 
from USA, Japan, and Greenland were discussed previously (20, 22) 

as were those from Spain (23), Quebec Inuits (24), Quebec Cree 
(25), and Quebec overall (26). 
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moting rapid formation of omega-6 eicosanoids when stimu- 
lated tissue phospholipases release tissue HUFA (21). Tissue 
HUFA composition is reversibly modified by day-to-day 
food choices, and it can range between 25% and 85% 
omega-6 HUFA (20). The impact of dietary essential fatty 
acids (EFA) on tissue HUFA follows a saturable dose- 
response relationship (20). A simple calculator uses the pre- 
dictive equation to show how four types of dietary EFA 
affect the omega-6 proportion of tissue HUFA (http://efaed- 
ucation.nih.gov/sig/dietbalance.html). The equation was 
combined with the USDA Nutrient Database into an inter- 
active computer menu planning program (19) that can be 
downloaded from http://ods.od.nih.gov/-eicosanoids/to help 
people choose foods that create tissue HUFA proportions 
near any desired target value. The wide diversity in observed 
tissue HUFA values caused by voluntary food choices is 
strongly associated (r = 0.97) with CHD mortality rates in 
different populations (Fig 2). Thus, the % omega-6 HUFA in 
plasma phospholipid HUFA is a biomarker of EFA intakes 
(20), a predictor of the probable intensity of omega-6 
eicosanoid responses (9), and a risk factor for CHD (19). 
Public health officials should assess the current advice 
regarding dietary EFA in primary (16) and secondary (17) 
prevention of CHD to develop and ensure ethically respon- 
sible primary prevention advice for people of all ages. 

2. Peroxide amplification of eicosanoid signaling, ormation 
of tissue eicosanoids from released non-esterified HUFA 
involves a transient explosive positive feedback as fatty acid 
oxygenases (lipoxygenases and cyclooxygenases) form 
hydroperoxide required for faster synthesis (27). Enzymes 
forming prostaglandin autacoids (COX-1 and COX-2) act 
faster with 20:4n-6 than with 20:5n-3 (28, 29). Faster amplifi- 
cation of local oxidant peroxides with omega-6 HUFA 
explosively accelerates eicosanoid formation and transiently 
exceeds the rate of inactivation and removal of active auta- 
coid (21). The resulting pulsatile, transient receptor actions 
range from mild reversible signaling responses to strong 
actions with irreversible tissue damage, depending on the 
degree to which non-esterified HUFA and amplifying 
hydroperoxides accumulate. Thus, elevated levels of tissue 
oxidants and of non-esterified acids linked to food intake are 
predictive risk factors for excessive eicosanoid-mediated 
processes, and they are risk factors for CHD. 

3. Amplification of inflammatory signaling. Plaques accu- 
mulate in vascular regions where eddy currents give blood a 
longer residence time (30). Prolonged exposure of vessel 
walls to the positive feedback signals of accumulated 
inflammatory autacoid mediators tends to amplify the 
reversible local inflammatory signals and lead to irre- 
versible impairment of vascular endothelium following 
chronic elevation of inflammatory mediators (e.g., hydrogen 
peroxide, HOOH, and platelet activating factor, PAF), 

FIGURE 3 
Peroxide tone triggers and amplifies Ussue eicosanoid 

formation. Hydroperoxide activation of oxygenases enhance 
elcosanoid signahng (21). 
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cytokines (e.g.,TNFa, IL-1, IL-6), calcium, macrophages and 
their phagocytic and oxidative products (13, 31). Figure 4 
illustrates how local HOOH and other reactive oxygen 
species (ROS) may amplify cytokine-enhanced protein 
tyrosine kinase (PTK) action and release the suppression of 
mitogen activated protein kinase (MAPK) and nuclear fac- 
tor vd3 (NFvJ3) while also inactivating PAF acetylhydrolase 
(AcH). Platelet-activating factor (PAF) amplifies acute 
inflammatory and thrombotic cascades, and the PAF recep- 
tor also responds to oxidized phospholipids to further 
amplify inflammatory and thrombotic events (32). 

Plasma PAF acetylhydrolase (AcH in Fig 4) hydrolyzes 
and inactivates PAF and the related oxidized phospholipids, 
suppressing the inflammation. Activation of p38 kinase by 
high hydroperoxide levels increases acetyltransferase activi- 
ty for PAF synthesis (33) and amplifies inflammatory signal- 
ing. It also increases phospholipase activity that mobilizes 
arachidonate and its eicosanoid products (34, 35) and ampli- 
fies the transcription and release of inflammatory mediators 
and stress-reactive proteins. Acute phase reactants, oroso- 
mucoid and C-reactive protein (CRP) predict greater 
carotid plaque volume, and orosomucoid is associated with 
carotid plaques (36). Both were positively associated with 
levels of triglyceride-rich lipoproteins (VLDL, IDL, LDL) 
and negatively associated with HDL. After 6, 12 and 36 

FIGURE 4 
Peroxide tone in amphfylng inflammatory processes. Abbreviations 

are noted in the text. Modified from (27) with permission. 
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weeks, two inflammation markers, C-reactive protein (CRP) 
and serum amyloid A (SAA), were significantly reduced by 
atorvastatin, but not by simvastatin (37). Both statins low- 
ered secretory phospholipase A2, but they made little 
change in other inflammatory mediators, IL-6 and ICAM-1. 

The intense local inflammatory signaling is diluted great- 
ly as blood moves downstream, although activated leuko- 
cytes carry signals further, and acute phase reactants 
remain in the bloodstream as markers of inflammatory/oxi- 
dant stress. Amplified inflammatory signals among the 
interacting cells are greater when non-esterified omega-6 
eicosanoid precursors and oxidant activators are abundant 
(27), and they drive the normal reversible physiological sig- 
nals to make undesirable irreversible inflammatory vascu- 
lar damage that is less with more omega-3 (38). 
Inflammatory events have long been linked with edema, 
erythema, hyperalgesia, hyperthermia, and loss of normal 
tissue function that follows the excessive release and action 
of eicosanoids and oxidants. 

4. Transient postprandial oxidant stress. Elevated levels 
of glucose and non-esterified fatty acids after large meals 
promote transient oxidative/inflammatory conditions (39) 
and activate protein kinase pathways (40) in stress-related 
response and impair endothelial cell function and vascular 
physiology (41). Decreased vasodilatation and increased 
adhesion of leukocytes on vascular walls (42, 43) accompa- 
ny impaired ability to produce and respond to the self-heal- 
ing autacoid, nitric oxide (NO). The impairments of vascu- 
lar endothelium are made worse when local inflammatory 
oxidants destroy nitric oxide and form toxic peroxynitrite 
that damages vascular walls (44). High glucose (25 mM) 
causes ROS generation with p38 MAPK phosphorylation, 
angiotensinogen (ANG) secretion, and ANG mRNA gene 
expression; hydrogen peroxide (10 uM) mimics the glucose 
effect (40). 

Isoprostanes in blood or urine are sensitive markers of 
oxidative stress and injury (45). Questions remain on the 
degree to which these products of injury can themselves 
cause further injury. Homocysteine levels in blood also are 
associated with chronic oxidant stress and atherosclerosis. 
Questions remain as to whether the elevated homocysteine 
observed for people with known vascular disease (46-48) 
caused the injury or whether they are only markers for oxi- 
dant stress. Lowering homocysteine levels by supplemental 
folic acid and vitamin B12 (49) did not prevent atheroscle- 
rosis or vascular dysfunction in monkeys. Apparently, 
decreasing this marker may not remove the underlying 
imbalance that causes the oxidative inflammatory disorder. 

If the recognized postprandial oxidative/inflammatory 
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events were 99.9% reversible, three meals per day would 
give over 1,000 events annually with only one event (0,1%) 
remaining as a mild inflammatory focus. However, like 
compounded interest in a savings account, the 0.1% accu- 
mulates year by year in arteries as some reversible fatty 
streaks progress to inflammatory fibrotic lesions that acti- 
vate platelets and enhance development of further lesions. 
Accumulation of meal-associated risk factors over time 
inexorably makes age a risk factor for CHD death. Thirty or 
forty years of accumulated inflammatory plaques (12) even- 
tually produced arteries with greater calcium deposits and 
intimal-medial thickness characteristic of elderly 
Americans, most likely due to progressive inflammatory dis- 
ease rather than to "normal aging" (50). Eating more 
omega-3 EFA may diminish the inflammatory events by dis- 
placing tissue precursors of omega-6 eicosanoids. 

5. Platelet-mediated thrombotic events. Reversible tran- 
sient platelet aggregates adhering to vessel walls reflect 
natural signaling events that usually have no pathological 
consequences. However, stimulated platelets can form and 
release aggregating factors in an explosive, amplified feed- 
back that forms large aggregates and irreversibly blocks 
blood flow. Stimulated platelets release HUFA from their 
membranes (51), and their cyclooxygenase enzyme rapid- 
ly leads to a potent (but short-lived) omega-6 autacoid, 
thromboxane A2 (52), that further amplifies aggregation. 
Hydroperoxide activators accelerate the cyclooxygenase 
reaction, which forms thromboxane that causes still 
greater platelet action. The explosive amplifications of 
autacoid formation and platelet adhesion do not occur 
when the cyclooxygenase is inhibited by aspirin-like anti- 
inflammatory drugs. Similarly, the explosive aggregatory 
feedback is attenuated when omega-3 HUFA compete 
with omega-6 HUFA (53). A platelet-induced transient 
loss of blood flow (thrombotic ischemia) may cause a 
reversible deficit of tissue oxygen and energy, whereas too 
much deficit for too long may give severe and irreversible 
tissue damage. Omega-6 thromboxane-mediated hyperac- 
tivity of blood platelets is a serious diet-related risk factor 
for CHD death. 

6. Transient arrhythmia. Impaired local blood flow and 
heart tissue energy imbalance can be reversed by the 
increased non-esterified fatty acids released from the 
hypoxic tissue as its energy balance begins to fail (54). This 
corrective influence restores oxygen and nutrients and pre- 
vents irreversible damage. Healthy autonomic tone that 
maintains high heart rate variability (55) and suppresses 
arrhythmia also depends on omega-3 supplies (56, 57). 
Released omega-6 arachidonic acid (but not released 

omega-3 acids) forms omega-6 eicosanoids that exacerbate 
the arrhythmia and lead to irreversible damage of heart tis- 
sue and function (58). Although a transient thrombotic 
ischemic event might initiate a transient arrhythmic event, 
excessive omega-6 eicosanoids might cause the arrhythmia 
to be irreversible, Thus, diet choices affect the likelihood of 
arrhythmia developing from transient ischemia. 

The six processes above note how a high proportion of 
omega-6 HUFA in tissue HUFA over time tends to shift 
reversible transitory meal-related oxidant stress into irre- 
versible inflammatory, thrombotic and arrhythmic events. 
The proportion of omega-6 acids in tissue HUFA is a mark- 
er of dietary EFA supply, and it is also a CHD risk factor 
with plausible mechanisms contributing to disease and 
death. Primary prevention education should show how this 
risk factor can be lowered by eating foods that increase 
intake of omega-3 fats and decrease intake of omega-6 fats. 
Similarly, elevated levels of triglycerides and non-esterified 
acids in plasma are markers related to food energy balance, 
and they are also CHD risk factors with plausible mecha- 
nisms that contribute to inflammatory oxidative and throm- 
botic processes amplified by omega-6 eicosanoids. Primary 
prevention education should show how these synergistic 
risk factors can be decreased by eating smaller amounts of 
food energy in individual meals and keeping energy intakes 
in line with energy expenditures. 

Recognizing lipoprotein release from liver 

The six processes above recognize atherosclerosis as a 
chronic and complex vascular inflammatory process in 
which many immune/inflammatory signals interact syner- 
gistically (13). The cholesterol-dependent scientists and 
marketers properly included plasma lipoproteins in the 
chain of events that lead from diet to death. However, they 
were unable to give clear evidence that cholesterol itself 
was causal, and they created concepts of bad cholesterol 
and good cholesterol to describe opposite actions of low 
density lipoprotein complexes (LDL) and high density 
lipoprotein complexes (HDL). Plasma very low density 
lipoprotein complexes (VLDL) are released from liver 
into the blood as the liver responds to the postprandial 
fatty acids and glucose coming to it. The released triglyc- 
eride-rich VLDL is then converted via intermediate com- 
plexes to LDL by lipoprotein lipase with release of non- 
esterified fatty acids to tissues that enhance local oxidant 
stress and endothelial dysfunction. Meal-related stresses 
may also prompt the liver to release acute phase reactants, 
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or stress-related proteins, which are also associated with 
atherogenic conditions (36). Oxidation of LDL by reactive 
oxygen species released at inflammatory sites can amplify 
injury because the oxidized phospholipid activates PAF 
receptors to increase local inflammatory signals. Positive 
feedback turns the consequences of local inflammation 
into amplifying factors for more inflammation. Excessive 
dietary fat and energy intake push liver metabolism to 
form and release VLDL that increases fatty acid release to 
plasma while forming LDL. The cholesterol molecules 
decorating the circulating plasma LDL complexes are 
loosely described as bad cholesterol, but transient excess- 
es of non-esterified acids are also likely to be harmful. 

The HDL complexes include two anti-inflammatory 
enzymes, paraoxonase and PAF acetyl-hydrolase. These 
enzymes diminish transient inflammatory conditions that 
otherwise might be amplified into irreversible pathology. 
This anti-inflammatory action is a plausible mechanism for 
the long-recognized beneficial relationship that makes plas- 
ma HDL levels an inverse risk factor for CHD mortality 
(59). Low HDL levels in the elderly (with accumulated 
inflammatory plaques) are definitely associated with higher 
mortality (60). Cholesterol molecules decorating HDL 
lipoprotein complexes are thus associated with beneficial 
actions of HDL and are loosely described as good choles- 
terol. An important point here is that the good and bad 
labels are for actions of the lipoprotein complexes and not 
the cholesterol molecule itself. 

Obsessive attention to blood cholesterol molecules pre- 
vented an orderly discussion of evidence for inflammatory 
stress and autacoid signaling in thrombosis and arrhythmia. 
The extensive cholesterol education campaigns in the USA 
did not prevent steadily rising energy imbalances that sup- 
port vascular inflammatory processes and which may 
become fatal in combination with imbalanced tissue omega- 
6 HUFA amplifying those processes. Cholesterol decorating 
all lipoprotein complexes is a conveniently measured mole- 
cule with no defined contribution to inflammation, throm- 
bosis, or arrhythmia that cause cardiovascular death. Plasma 
cholesterol, mostly made by liver, is a widely discussed bio- 
marker associated with excessive food energy intake, but a 
plausible mechanism by which cholesterol molecules in 
plasma contribute to death remains lacking. 

Ironically, recent research showed how plasma choles- 
terol enters cells and beneficially suppresses formation of 
fat and cholesterol from excess food calories (rather than 
causing death!). Massive publicity about treating choles- 
terol as a cause of death has seriously distracted attention 
from long-standing evidence of the fatal inflammatory, 

thrombotic, and arrhythmic mechanisms caused by exces- 
sive omega-6 eicosanoid actions. As a result, current advice 
on food choices for primary prevention has remained poor- 
ly linked to known mechanisms for death, and it has failed 
to recommend specific food choices that could moderate 
excessive omega-6 eicosanoid amplification of postprandi- 
al inflammatory signals. 

Beyond a shadow of a doubt 

Modern molecular medicine grew explosively throughout 
the twentieth century. Each newly identified compound 
accelerated discovery of more previously unknown com- 
pounds and functions. Now, there is no doubt that a large 
complex network of signaling interactions inside cells and 
between cells participate in a balanced life (and in its cessa- 
tion, death). A hundred years ago, scientists debated 
whether potent signaling molecules made in the body 
should be named hormones (hormain=stir or excite) or 
autacoids (auto=self, akos=healing). Today's concept of sig- 
naling networks regulating body functions includes auta- 
coids and hormones as well as intercellular signaling by 
cytokines, selectins, and integrins, plus intracellular signaling 
by protein kinases, protein phosphatases and scaffolding 
proteins. Some essential nutrients that the body cannot 
make are called vitamins (vital amines) and others are just 
essential nutrients. The vitamin-like essential fatty acids 
(both omega-3 and omega-6) deserve careful attention 
because many tissues of the body convert them into potent 
hormone-like autacoids called eicosanoids. 

We now know beyond a shadow of a doubt that: 
• Fatal heart attacks and thrombotic strokes are caused by 

excessive platelet omega-6 thromboxane formation and 
diminished by aspirin-like inhibitors. 

• Fatal heart arrhythmias are made worse by the omega-6 
arachidonate that forms pro-arrhythmic omega-6 
eicosanoids, and they are diminished by many non-esteri- 
fied fatty acids, especially omega-3 acids. 

• Formation and action of omega-6 prostaglandins amplify 
inflammatory events that are treated worldwide by non- 
steroidal anti-inflammatory drugs (NSAIDs). 

• Inflammation is amplified by positive feedback from 
released inflammatory mediators at various stages of pathol- 
ogy in vascular atherosclerosis and endothelial dysfunction. 

• Inflammatory vascular pathology begins accumulating in 
adolescents and progresses throughout life, with the cur- 
rent number of inflammatory sites predicting greater 
future pathology. 
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• Eicosanoid formation requires initiating and amplifying 
local hydroperoxides, and elevated tissue hydroperoxides 
enhance rates of eicosanoid formation. 

• Omega-6 eicosanoids amplify natural responses rapidly 
enough to make some reversible events shift towards irre- 
versible ones, whereas omega-3 eicosanoids are less vigor- 
ous in causing irreversible events. 

• Stimulated tissues make eicosanoids from non-esterified 
omega-3 and omega-6 HUFA released from tissue mem- 
brane phospholipids. 

• The proportions of omega-3 and omega-6 in tissue HUFA 
are determined by the relative amounts of dietary EFA 
that compete for incorporation into tissue HUFA. 

• Large meals that elevate blood triglycendes, non-esteri- 
fled fatty acids, and glucose create transient postprandial 
oxidant stress and increase endothelial dysfunction. 

• Four major risk factors (obesity, hypertension, diabetes, 
smoking) predictive for cardiovascular mortality are 
themselves associated with endothelial dysfunction, oxi- 
dant stress, inflammatory processes, high postprandial 
blood fat and non-esterified acids, and insulin resistance. 

• Higher blood levels of acute phase reactant or stress- 
reactive proteins (C-reactive protein; heat-shock pro- 
teins; orosomucoid; fibrinogen; PAI-1; gamma globulin; 
angiotensinogen) are systemic markers associated with 
inflammatory/immune events and oxidant stress. 

Summary 

The immediate cause of cardiovascular death is thrombo- 
sis and arrhythmia that is made worse by excessive omega-6 
eicosanoid actions. The chronic vascular inflammation that 
predisposes to these acute events may be triggered by oxi- 
dant stress from postprandial elevations in triglycerides, free 
fatty acids and glucose, and made worse by a tissue imbal- 
ance of omega-3 and omega-6 highly unsaturated fatty acids. 
The pro-inflammatory imbalance can be prevented by care- 
ful choice of food that has more omega-3 and less omega-6. 
Excessive postprandial elevations of free fatty acids and glu- 
cose can be prevented by eating fewer calories per meal and 
by careful balance of overall energy intake and expenditure. 
Already, many people worldwide voluntarily choose foods 
that diminish excessive omega-6 eicosanoid actions and pre- 
vent cardiovascular death. Primary prevention nutrition rec- 
ommendations by the American Heart Association in 2000 
need more detailed revision and translation to decrease the 
postprandial inflammatory stress and excessive omega-6 
eicosanoid actions that lead to cardiovascular death. 
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